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THIN FILM TRANSISTOR SUBSTRATE AND
METHOD OF REPAIRING SIGNAL LINE OF
THE SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0124926, filed on
Oct. 18, 2013, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

1. Field

One or more embodiments ofthe present invention relate to
a thin-film transistor substrate and a method of repairing a
signal line of the substrate.

2. Description of the Related Art

A display apparatus is used to display images. In particular,
an organic light-emitting display apparatus has recently been
receiving attention. The organic light-emitting display appa-
ratus includes a pixel circuit coupled to a plurality of signal
lines arranged on a substrate and an organic light-emitting
diode (OLED) coupled to the pixel circuit.

SUMMARY

One or more embodiments of the present invention include
a thin-film transistor substrate which enables repairing of a
signal line (e.g., a scan line, a light emission control line, etc.)
under a spatial restriction of a high-resolution display appa-
ratus and an organic light-emitting display apparatus includ-
ing the same.

Additional aspects will be set forth in part in the description
which follows and, in part, will be apparent from the descrip-
tion, or may be learned by practice of the presented embodi-
ments.

According to one or more embodiments of the present
invention, a thin-film transistor substrate includes: a scan line
for transferring a scan signal; a light-emission control line for
transferring a light-emission control signal; and a capacitor
including a first electrode and a second electrode, wherein the
second electrode includes a plurality of divided regions, a
plurality of bridges for coupling the plurality of divided
regions to each other, and a plurality of protrusions each
overlapping at least one of the scan line or the light-emission
control line.

The divided regions may include a first region, a second
region which is adjacent to the scan line and is coupleable to
the first region by a first bridge of the bridges, and a third
region which is adjacent to the light-emission control line and
is coupleable to the first region by a second bridge of the
bridges.

When the scan line is open-circuited at an open circuit
region of the scan line, the first bridge may be cut so that the
second region is separated from the second electrode, and
protrusions of the plurality of protrusions which overlap the
scan line may be coupled to the scan line at a left side and a
right side of an open circuit region.

When the light-emission control line is open-circuited at an
open circuit region of the light emission control line, the
second bridge may be cut so that the third region is separated
from the second electrode, and protrusions of the plurality of
protrusions which overlap the light-emission control line may
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2

be coupled to the light-emission control line at a left side and
a right side of an open circuit region.

The second electrode may include a first connecting part
adapted to couple the first region with a corresponding first
region of a horizontally adjacent pixel, a second connecting
partadapted to couple the second region with a corresponding
second region of the horizontally adjacent pixel, and a third
connecting part adapted to couple the third region with a
corresponding third region of the horizontally adjacent pixel.

When the scan line is open-circuited at a open circuit
region of the scan line, the first bridge and the first connecting
part may be cut so that the second region is separated from the
second electrode, and protrusions of the plurality of protru-
sions which overlap the scan line may be coupled to the scan
line at a left side and a right side of an open circuit region.

When the light-emission control line is open-circuited at a
open circuit region of the light-emission control line, the
second bridge and the third connecting part may be cut so that
the third region is separated from the second electrode, and
protrusions of the plurality of protrusions which overlap the
light-emission control line may be coupled to the light-emis-
sion control line at a left side and a right side of an open circuit
region.

The scan line and the light-emission control line and the
plurality of protrusions may be insulated by an insulating
layer disposed therebetween.

Each of the plurality of divided regions may be coupled to
a corresponding divided region of a horizontally adjacent
pixel.

The second electrode may be coupled to a driving voltage
line.

The driving voltage line may be shared by two adjacent
pixels.

The thin-film transistor substrate may further include a
driving thin-film transistor arranged to be perpendicular to the
capacitor and including the first electrode as a gate electrode
and a bent active layer.

According to one or more embodiments of the present
invention, a thin-film transistor substrate includes: a signal
line including an open circuit region; and a capacitor includ-
ing a first electrode and a second electrode, wherein the
second electrode includes a first region and a second region
which is adjacent to the signal line and is coupleable to the
first region by a first bridge, wherein the first bridge is cut so
that the second region is separated from the second electrode,
and protrusions of a plurality of protrusion of the second
electrode which overlap the signal line are coupled to the
signal line at a left side and a right side of the open circuit
region.

The signal line may be a scan line for applying a scan signal
or a light-emission control line for applying a light-emission
control signal.

The first region may be coupled to a corresponding first
region of a horizontally adjacent pixel.

The second electrode may be coupled to a driving voltage
line.

The driving voltage line may be shared by two adjacent
pixels.

The thin-film transistor substrate may further include a
driving thin-film transistor arranged to be perpendicular to the
capacitor and include the first electrode as a gate electrode
and a bent active layer.

According to one or more embodiments of the present
invention, a method of repairing an open-circuited signal line
on a thin-film transistor substrate with a capacitor including a
first electrode and a second electrode, the second electrode
including a plurality of divided regions, a plurality of bridges
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coupling the plurality of divided regions to each other, and a
plurality of protrusions which overlap signal lines includes:
separating a first divided region of the divided regions from
the second electrode by cutting a first bridge of the bridges,
the first bridge coupling the first divided region, which is
adjacent to the open-circuited signal line, to other ones of the
divided regions; and coupling the open-circuited signal line to
protrusions of the plurality of second which overlap the open-
circuited signal line at a left side and a right side of an open
circuit region of the open-circuited signal line.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other embodiments will become apparent and
more readily appreciated from the following description of
the embodiments, taken in conjunction with the accompany-
ing drawings in which:

FIG. 1 is a circuit diagram illustrating an equivalent circuit
of a pixel of an organic light-emitting display apparatus
according to an embodiment of the present invention;

FIG. 2 is a planar view illustrating a thin-film transistor
substrate provided with the pixel of FIG. 1;

FIG. 3 is a diagram illustrating the second electrode of the
capacitor of FIG. 2;

FIG. 4 is a schematic diagram illustrating a method of
repairing a disconnected scan line on the thin-film transistor
substrate of FIG. 2;

FIG. 5 is a planar view illustrating a thin-film transistor
substrate provided with the pixel of FIG. 1;

FIG. 6 is a diagram illustrating the second electrode of the
capacitor of FIG. 5;

FIG. 7 is a schematic diagram illustrating a method of
repairing an open-circuited light-emission control line on the
thin-film transistor substrate of FIG. 5;

FIG. 8 is a planar view illustrating a thin-film transistor
substrate provided with the pixel of FIG. 1;

FIG. 9 is a diagram illustrating the second electrode of the
capacitor of FIG. 8;

FIG. 10 is a schematic diagram illustrating a method of
repairing an open-circuited scan line on the thin-film transis-
tor substrate of FIG. 8;

FIG. 11 is a cross-sectional view of the thin-film transistor
substrate taken along the line A-A' of FIG. 10;

FIG. 12 is a schematic diagram illustrating a method of
repairing an open-circuited light-emission control line on the
thin-film transistor substrate of FIG. 10; and

FIG. 13 is a cross-sectional view of the thin-film transistor
substrate taken along the line B-B' of FIG. 12.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments of
the present invention, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout the accompanying draw-
ings, and redundant descriptions may be omitted herein. In
this regard, embodiments of the present invention may have
different forms and should not be construed as being limited
to the descriptions set forth herein or in the accompanying
drawings. Accordingly, example embodiments of the present
invention are described below, with reference to the figures, to
explain certain embodiments of the present invention, which
is not limited thereto.

It will be understood that although the terms “first”, “sec-
ond”, etc. may be used herein to describe various compo-
nents, these components should not be limited by these terms.
These designations are only used to distinguish one compo-
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nent from another. As used herein, the singular forms “a,
“an” and “the” are intended to also include the plural forms as
well, unless the context clearly indicates otherwise.

It will be further understood that the terms “comprises,”
“comprising,” “includes,” and/or “including” as used herein
specify the presence of stated features or components, but do
not preclude the presence or addition of one or more other
features or components.

It will be understood that when a layer, region, or compo-
nent is referred to as being “formed on,” another layer, region,
or component, it may be directly or indirectly formed on the
other layer, region, or component. That is, for example, inter-
vening layers, regions, or components may also be present.

Sizes of elements in the drawings may be exaggerated for
convenience of explanation. In other words, since sizes and
thicknesses of components in the drawings are arbitrarily
illustrated for convenience of explanation, the following
embodiments are not limited thereto.

Expressions such as “at least one of,” when preceding a list
of elements, modify the entire list of elements and do not
modify the individual elements of the list. Further, the use of
“may” when describing embodiments of the present inven-
tion refers to “one or more embodiments of the present inven-
tion.”

FIG. 1is a circuit diagram illustrating an equivalent circuit
of a pixel of an organic light-emitting display apparatus
according to an embodiment of the present invention.

A pixel 3 of FIG. 1 is one of a plurality of pixels included
in an nth-row line, and is coupled to a scan line SLn corre-
sponding to the nth-row line and a scan line SL.n-1 corre-
sponding to an (n-1)th-row line. The pixel 3 according to an
embodiment of the present invention is coupled to a scan line
corresponding to a row line corresponding to the pixel 3 and
to a scan line corresponding to a previous row line, but the
pixel 3 is not limited thereto and may be coupled to any two
(or more) scan lines from among a plurality of scan lines.

The pixel 3 of the organic light-emitting display apparatus
according to an embodiment of the present invention includes
a pixel circuit 4 including a plurality of thin-film transistors
T1 to T7 and a capacitor Cst. The pixel 3 includes an organic
light-emitting diode (OLED) coupled to the pixel circuit 4 to
emit light.

The plurality of thin-film transistors includes a driving
thin-film transistor T1, a switching thin-film transistor T2, a
compensating thin-film transistor T3, an initializing thin-film
transistor T4, a first light-emission control thin-film transistor
T5, a second light-emission control thin-film transistor T6,
and a bypass thin-film transistor T7.

The pixel 3 includes a first scan line SLn for transferring a
first scan signal Sn to the switching thin-film transistor T2 and
the compensating thin-film transistor T3, a second scan line
SLn-1 for transferring a previous scan signal, i.e., a second
scan signal Sn-1, to the initializing thin-film transistor T4, a
light-emission control line ELn for transferring a light-emis-
sion control signal En to the first light-emission control thin-
film transistor T5 and the second light-emission control thin-
film transistor T6, a data line DL.m crossing the first scan line
SLn and transferring a data signal Dm, a driving voltage line
PL arranged substantially in parallel with the data line DL.m
to transfer a first power supply voltage ELVDD, an initializ-
ing voltage line VL arranged substantially in parallel with the
second scan line SL.n-1 to transfer an initializing voltage Vint
for initializing the driving thin-film transistor T1, and a
bypass control line BPL for transferring a bypass signal BP to
the bypass thin-film transistor T7.

A gate electrode G1 of the driving thin-film transistor T1 is
coupled to a first electrode Cstl of the capacitor Cst. A source
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electrode S1 of the driving thin-film transistor T1 is coupled
to the driving voltage line PL via the first light-emission
control thin-film transistor T5. A drain electrode D1 of the
driving thin-film transistor T1 is electrically coupled to an
anode of the OLED via the second light-emission control
thin-film transistor T6. The driving thin-film transistor T1
receives the data signal Dm according to a switching opera-
tion of the switching thin-film transistor T2 and supplies a
driving current loled to the OLED.

A gate electrode G2 of the switching thin-film transistor T2
is coupled to the first scan line SLn. A source electrode S2 of
the switching thin-film transistor T2 is coupled to the data line
DLm. A drain electrode D2 of the switching thin-film tran-
sistor T2 is coupled to the source electrode S1 of the driving
thin-film transistor T1 and is also coupled to the driving
voltage line PL via the first light-emission control thin-film
transistor T5. The switching thin-film transistor T2 is turned
on in response to the first scan signal Sn received through the
first scan line SLn so as to transfer the data signal Dm,
transferred to the data line DLm, to the source electrode S1 of
the driving thin-film transistor T1.

A gate electrode G3 of the compensating thin-film transis-
tor T3 is coupled to the first scan line SLn. A source electrode
S3 of the compensating thin-film transistor T3 is coupled to
the drain electrode D1 of the driving thin-film transistor T1
and is also coupled to the anode of the OLED via the second
light-emission control thin-film transistor T6. A drain elec-
trode D3 of the compensating thin-film transistor T3 is
coupled to the first electrode Cstl of the capacitor Cst, a drain
electrode D4 of the initializing thin-film transistor T4, and the
gate electrode G1 of the driving thin-film transistor T1. The
compensating thin-film transistor T3 is turned on in response
to the first scan signal Sn received through the first scan line
SLn to couple the gate electrode G1 and the drain electrode
D1 of the driving thin-film transistor T1 to each other so that
the driving thin-film transistor T1 is diode-connected.

A gate electrode G4 of the initializing thin-film transistor
T4 is coupled to the second scan line SL.n-1. A source elec-
trode S4 of the initializing thin-film transistor T4 is coupled to
the initializing voltage line VL. The drain electrode D4 of the
initializing thin-film transistor T4 is coupled to the first elec-
trode Cstl of the capacitor Cst, the drain electrode D3 of the
compensating thin-film transistor T3, and the gate electrode
GI of the driving thin-film transistor T1. The initializing
thin-film transistor T4 is turned on in response to the second
scan signal Sn-1 received through the second scan line
SLn-1 to transfer the initializing voltage Vint to the gate
electrode G1 of the driving thin-film transistor T1 so that a
voltage of the gate electrode G1 of the driving thin-film tran-
sistor T1 is initialized.

A gate electrode G5 of the first light-emission control
thin-film transistor T5 is coupled to the light-emission control
line ELn. A source electrode S5 of the first light-emission
control thin-film transistor T5 is coupled to the driving volt-
age line PL. A drain electrode D5 of the first light-emission
control thin-film transistor T5 is coupled to the source elec-
trode S1 of the driving thin-film transistor T1 and the drain
electrode D2 of the switching thin-film transistor T2.

A gate electrode G6 of the second light-emission control
thin-film transistor T6 is coupled to the light-emission control
line ELn. A source electrode S6 of the second light-emission
control thin-film transistor T6 is coupled to the drain elec-
trode D1 of the driving thin-film transistor T1 and the source
electrode S3 of the compensating thin-film transistor T3. A
drain electrode D6 of the second light-emission control thin-
film transistor T6 is electrically coupled to the anode of the
OLED. The first light-emission control thin-film transistor TS
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and the second light-emission control thin-film transistor T6
are concurrently (e.g., simultaneously) turned on in response
to the light-emission control signal En received through the
light-emission control line ELn so that the first power supply
voltage ELVDD is transferred to the OLED and the driving
current loled flows through the OLED.

A gate electrode G7 of the bypass thin-film transistor T7 is
coupled to the bypass control line BPL, a source electrode S7
of the bypass thin-film transistor T7 is coupled to the drain
electrode D6 of the second light-emission control thin-film
transistor T6 and the anode of the OLED, and a drain elec-
trode D7 ofthe bypass thin-film transistor T7 is coupled to the
initializing voltage line VL and the source electrode S4 of the
initializing thin-film transistor T4.

The bypass thin-film transistor T7 receives the bypass sig-
nal BP from the bypass control line BPL. The bypass signal
BP has a certain level of voltage for constantly turning off the
bypass thin-film transistor T7. The bypass thin-film transistor
T7 receives the off-level voltage through the gate electrode
G7 so that the bypass thin-film transistor T7 is constantly
turned off, and a part of the driving current Ioled flows
through the bypass thin-film transistor T7 as a bypass current
Ibp while the bypass thin-film transistor T7 is turned off.

Ifthe OLED emits light when a minimal current is supplied
by the driving thin-film transistor T1 while displaying a black
image, the black image is not properly displayed. However,
the bypass thin-film transistor T7 of the organic light-emitting
display apparatus according to an embodiment of the present
invention may distribute a part of the minimal current, sup-
plied by the driving thin-film transistor T1, as a bypass current
Ibp to a current path (e.g., an electrical path) other than a
current path (e.g., an electrical path) including the OLED.
Here, the minimal current of the driving thin-film transistor
T1 represents a current that flows through the driving thin-
film transistor T1 when the driving thin-film transistor T1 is
turned off since a gate-source voltage Vgs of the driving
thin-film transistor T1 is smaller than a threshold voltage Vth.
A minimal driving current (e.g., about 10 pA or less) is
obtained when the condition for turning off the driving thin-
film transistor T1 is satisfied and flows to the OLED so as to
be expressed as the black image.

The effect of the bypass current Ibp may be great when the
minimal driving current for displaying the black image flows,
whereas the effect of the bypass current lIbp may be small
when a large driving current for displaying a general image or
a white image flows. Therefore, when the driving current
flows to display the black image, the driving current loled of
the OLED is reduced by as much as the bypass current Ibp
that flows toward the bypass thin-film transistor T7, so that the
driving current Ioled has a reduced current amount (e.g.,
lower than the minimal current) and more clearly expresses
the black image. Therefore, a more correct black image may
be obtained using the bypass thin-film transistor T7, thereby
improving a contrast ratio.

A second electrode Cst2 of the capacitor Cst is coupled to
the driving voltage line PL. The first electrode Cstl of the
capacitor Cst is coupled to the gate electrode G1 of the driving
thin-film transistor T1, the drain electrode D3 of the compen-
sating thin-film transistor T3, and the drain electrode D4 of
the initializing thin-film transistor T4.

A cathode of the OLED is coupled to a second power
supply voltage ELVSS. The OLED receives the driving cur-
rent loled from the driving thin-film transistor T1 and emits
light so that an image is displayed. The first power supply
voltage ELVDD may have a high level, and the second power
supply voltage ELVSS may be lower than the first power
supply voltage ELVDD or may be a ground voltage.



US 9,076,748 B2

7

FIG. 2 is a planar view illustrating a thin-film transistor
substrate provided with the pixel of FIG. 1. FIG. 3 is diagram
illustrating the second electrode Cst2 of the capacitor Cst of
FIG. 2. For convenience of explanation, FIG. 3 only illus-
trates the second electrode Cst2 of the capacitor Cst, the data
lines DLm and DL.m+1, and the driving voltage line PL.

Asillustrated in FIG. 2, the thin-film transistor substrate of
the organic light-emitting display apparatus according to an
embodiment of the present invention includes the first scan
line SLn, the second scan line SLn-1, the light-emission
control line ELn, the initializing voltage line VL, and the
bypass control line BPL, which are arranged along a row
direction and the lines respectively apply the first scan signal
Sn, the second scan signal Sn—1, the light-emission control
signal En, the initializing voltage Vint, and the bypass signal
BP. The thin-film transistor substrate of the organic light-
emitting display apparatus according to an embodiment of the
present invention further includes the data line DLm (and/or
DLm+1) and the driving voltage line PL which cross the first
scan line SLn, the second scan line SL.n-1, the light-emission
control line ELn, the initializing voltage line VL, and the
bypass control line BPL, and the lines respectively apply the
data signal Dm (and/or Dm+1) and the first power supply
voltage ELVDD to the pixel.

FIG. 2 illustrates two adjacent pixels, i.e., a first pixel Pn,m
and a second pixel Pnm+1. The first pixel Pn,m and the
second pixel Pn,m+1 share the driving voltage line PL. and are
symmetrical to each other (e.g., they mirror each other) with
respect to the driving voltage line PL.

The plurality of thin-film transistors T1 to T7 and the
capacitor Cst are formed at each of the first pixel Pn,m and the
second pixel Pn,m+1 on the thin-film transistor substrate
according to an embodiment of the present invention. Fur-
thermore, although not illustrated, the OLED may be formed
at a region corresponding to a via hole VIA.

The plurality of thin-film transistors T1 to T7 are arranged
along an active layer 112 which is bent and may have various
forms. The active layer 112 is composed of polysilicon, and
includes a channel region not doped with impurities and a
source region and a drain region formed at both sides of the
channel region and doped with impurities. Here, the impuri-
ties may be changed according to the types of the thin-film
transistors, and may be N-type impurities or P-type impuri-
ties.

The driving thin-film transistor T1 includes the gate elec-
trode (31, the source electrode Si, and the drain electrode D1.
The source electrode S1 corresponds to the impurity-doped
source region in the active layer, and the drain electrode D1
corresponds to the impurity-doped drain region in the active
layer. The gate electrode G1 overlaps the channel region. The
gate electrode G1 is coupled to the first electrode Cst1 of the
capacitor Cst, the drain electrode D3 of the compensating
thin-film transistor T3, and the drain electrode D4 of the
initializing thin-film transistor T4 by a second connecting
member 130 through contactholes 41 and 42. The active layer
of the driving thin-film transistor T1 is bent. In the example
illustrated in FIG. 2, the active layer of the driving thin-film
transistor T1 is shaped ‘=,’ like reversed ‘S’.

By bending the active layer as described above, the active
layer may extend long within a narrow space. Therefore, the
channel region of the active layer of the driving thin-film
transistor T1 may have a large length, and thus a driving range
of a gate voltage applied to the gate electrode G1 may be
wide. Therefore, due to the wide driving range of the gate
voltage, a gradation of light emitted from the OLED may be
more precisely realized and controlled. As a result, the reso-
Iution of the organic light-emitting display apparatus may be
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increased and the display quality thereof may be improved.
The active layer of the driving thin-film transistor T1 may
have various other forms such as, but not limited to, ‘S’, ‘M’,
and ‘W’.

The switching thin-film transistor T2 includes the gate
electrode G2, the source electrode S2, and the drain electrode
D2. The source electrode S2 corresponds to the impurity-
doped source region in the active layer, and the drain elec-
trode D2 corresponds to the impurity-doped drain region in
the active layer. The gate electrode G2 overlaps the channel
region. The source electrode S2 is coupled to the data line
DLm through a contact hole 43. The drain electrode D2 is
coupled to the source electrode S1 of the driving thin-film
transistor T1 and the drain electrode D5 of the first light-
emission control thin-film transistor T5. The gate electrode
G2 is formed by a part of the first scan line SLn.

The compensating thin-film transistor T3 includes the gate
electrode G3, the source electrode S3, and the drain electrode
D3. The source electrode S3 corresponds to the impurity-
doped source region in the active layer, and the drain elec-
trode D3 corresponds to the impurity-doped drain region in
the active layer. The gate electrode G3 overlaps the channel
region and is formed by a part of the first scan line SLn.

The initializing thin-film transistor T4 includes the gate
electrode G4, the source electrode S4, and the drain electrode
D4. The source electrode S4 corresponds to the impurity-
doped source region in the active layer, and the drain elec-
trode D4 corresponds to the impurity-doped drain region in
the active layer. The source electrode S4 may be coupled to
the initializing voltage line VL by a third connecting member
140 through a contact hole 45. The gate electrode G4 overlaps
the channel region. The gate electrode G4 is formed as a dual
gate electrode by a part of the second scan line SL.n-1 to
prevent leakage current.

The first light-emission thin-film transistor T5 includes the
gate electrode G5, the source electrode S5, and the drain
electrode D5. The source electrode S5 corresponds to the
impurity-doped source region in the active layer, and the drain
electrode D5 corresponds to the impurity-doped drain region
in the active layer. The gate electrode G5 overlaps the channel
region. The source electrode S5 may be coupled to the driving
voltage line PL through contact holes 44 and 48. The gate
electrode G5 is formed by a part of the light-emission control
line ELn.

The second light-emission thin-film transistor T6 includes
the gate electrode G6, the source electrode S6, and the drain
electrode D6. The source electrode S6 corresponds to the
impurity-doped source region in the active layer, and the drain
electrode D6 corresponds to the impurity-doped drain region
in the active layer. The gate electrode G6 overlaps the channel
region. The drain electrode D6 is coupled to a first connecting
member 120 through a contact hole 46 and is coupled to the
anode of the OLED through the via hole VIA. The gate
electrode G6 is formed by a part of the light-emission control
line ELn.

The bypass thin-film transistor T7 includes the gate elec-
trode G7, the source electrode S7, and the drain electrode D7.
The source electrode S7 corresponds to the impurity-doped
source region in the active layer, and the drain electrode D7
corresponds to the impurity-doped drain region in the active
layer. The gate electrode G7 is coupled to the bypass control
line BPL. The gate electrode G7 overlaps the channel region.
The source electrode S7 is directly coupled to the drain elec-
trode D6 of the second light-emission control thin-film tran-
sistor T6. The drain electrode D7 is directly coupled to the
drain electrode D4 of the initializing thin-film transistor T4.
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The first electrode Cstl of the capacitor Cst is coupled to
the drain electrode D3 of the compensating thin-film transis-
tor T3 and the drain electrode D4 of the initializing thin-film
transistor T4 by the connecting member 130 coupled to the
contact hole 41. The first electrode Cstl of the capacitor Cst
also serves as the gate electrode G1 of the driving thin-film
transistor T1. The second electrode Cst2 of the capacitor Cst
is coupled to the driving voltage line PL through a contact
hole 47 so as to be provided with the first power supply
voltage ELVDD from the driving voltage line PL.

The first electrode Cstl is separated from an adjacent pixel
and has a quadrilateral shape. The first electrode Cstl is
formed at the same layer as the first scan line SLn, the second
scan line SL.n-1, the light-emission control line ELn, and the
gate electrodes G1 to G7 of the thin-film transistors T1 to T7
by using the same material as that for forming the first scan
line SLn, the second scan line SLn-1, the light-emission
control line ELn, and the gate electrodes G1 to G7 of the
thin-film transistors T1 to T7.

The second electrode Cst2 of the capacitor Cst is coupled to
an adjacent pixel, and is formed at the same layer as the
initializing voltage line VL by using the same material as that
for forming the initializing voltage line VL. The second elec-
trode Cst2 of the capacitor Cst overlaps the entirety of the first
electrode Cstl, and vertically overlaps the driving thin-film
transistor T1. The capacitor Cst overlaps the active layer of
the driving thin-film transistor T1 in order to secure a region
of'the capacitor Cst which is reduced by the bent active layer
of the driving thin-film transistor T1. Therefore, capacitance
may be secured while obtaining high resolution.

Referring to FIG. 3, the second electrode Cst2 of the
capacitor Cst is provided with a first region 141 and a second
region 142 which are separate regions having separate areas,
a first bridge 144 coupling the first region 141 and the second
region 142, and a first protrusion 161 and a second protrusion
162 overlapping the first scan line SLn.

The first regions 141 of adjacent pixels are coupled to each
other by afirst connecting part 151. The second regions 142 of
the adjacent pixels are coupled to each other by a second
connecting part 152.

The second capacitor Cst2 of the capacitor Cst may be
coupled to the driving voltage line PL extended vertically by
the contact hole 47. For example, the first connecting part 151
of the second electrode Cst2 of the capacitor Cst may be
coupled to the driving voltage line PL. through the contact
hole 47. Accordingly, the driving voltage line PL. may have a
mesh structure vertically and horizontally interconnected
using the second electrode Cst2 of the capacitor Cst. The
second electrode Cst2 of the capacitor Cst may be used to
repair an open circuit of the first scan line SLn.

The data line DLm (and/or DLm+1) is vertically (or lon-
gitudinally) arranged at a left or right side of a pixel. The data
line DLm is coupled to the switching thin-film transistor T2
through the contact hole 43.

The driving voltage line PL is vertically arranged to be
parallel with the data line DL.m between the adjacent first and
second pixels Pn,m and Pn,m+1. The driving voltage line PL,
is shared by the adjacent first and second pixels Pn,m and
Pn,m+1. The driving voltage line PL is coupled to the second
electrode Cst2 of the capacitor Cst by the contact hole 47.

FIG. 4 is a schematic diagram illustrating a method of
repairing an open-circuited scan line on the thin-film transis-
tor substrate of FIG. 2.

FIG. 4 only illustrates the second electrode Cst2 of the
capacitor Cst, the data lines DL.Lm and DLm+1, and the driv-
ing voltage line PL for convenience of explanation.
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As illustrated in FIG. 4, when the first scan line SLn
arranged in the first pixel Pn,m is open-circuited, the second
region 142 of the second electrode Cst2 of the capacitor Cst
adjacent to the first scan line SLn is separated from the second
electrode Cst2, and the separated second region 142 is
coupled to the first scan line SLn.

For example, the first bridge 144 coupling the second
region 142 and the first region 141 of the second electrode
Cst2 and the second connecting parts 152 coupled to the
second regions 142 of pixels Pn,m-1 and Pn,m+1 that are
horizontally adjacent to the first pixel Pn,m are cut by irradi-
ating a laser thereto. Furthermore, a laser is irradiated to the
first protrusion 161 and the second protrusion 162 of the
second electrode Cst2 positioned at left and right sides of an
open-circuit region of the first scan line SLn so that the first
protrusion 161 and the second protrusion 162 are short-cir-
cuited and coupled to the first scan line SLn.

Accordingly, the second region 142 of the second electrode
Cst2 of the capacitor Cst may serve as a path (e.g., an elec-
trical path) through which the first scan line SLn transfers the
first scan signal Sn normally. The first region 141 may serve
as the second electrode Cst2 of the capacitor Cst and the
driving voltage line PL for horizontally transferring the first
power supply voltage ELVDD.

According to an embodiment of the present invention, the
second electrode Cst2 may serve as both an electrode of the
capacitor Cst and the driving voltage line PL, and may also
serve as a repair line of the first scan line SL.n when a defect
such as, but not limited to, an open circuit occurs.

FIG. 5 is a planar view illustrating a thin-film transistor
substrate provided with the pixel of FIG. 1. FIG. 6 is diagram
illustrating the second electrode Cst2 of the capacitor Cst of
FIG. 5. FIG. 6 only illustrates the second electrode Cst2 of the
capacitor Cst, the data lines DLm and DLm+1, and the driv-
ing voltage line PL. for convenience of explanation.

The example illustrated in FIG. 5 is different from the
example illustrated in FIG. 2 with respect to the second elec-
trode Cst2 of the capacitor Cst, but the other elements are the
same. Hereinafter descriptions of the same elements as those
of FIG. 2 will be omitted.

Referring to FIGS. 5 and 6, the second electrode Cst2 of the
capacitor Cstis provided with the first region 141 and the third
region 143 which are separate regions having separate areas,
a second bridge 145 coupling the first region 141 and the third
region 143, and a third protrusion 171 and a fourth protrusion
172 overlapping the light-emission control line ELn.

The first regions 141 of adjacent pixels are coupled to each
other by the first connecting part 151. The third regions 143 of
the adjacent pixels are coupled to each other by a third con-
necting part 153.

The second capacitor Cst2 of the capacitor Cst may be
coupled to the driving voltage line PL extended vertically by
the contacthole 47. For example, the first connecting part 151
of the second electrode Cst2 of the capacitor Cst may be
coupled to the driving voltage line PL. through the contact
hole 47. Accordingly, the driving voltage line PL. may have a
mesh structure vertically and horizontally interconnected
using the second electrode Cst2 of the capacitor Cst. The
second electrode Cst2 of the capacitor Cst may be used to
repair an open circuit of the light-emission control line ELn.

FIG. 7 is a schematic diagram illustrating a method of
repairing an open-circuited light-emission control line on the
thin-film transistor substrate of FIG. 5.

FIG. 7 only illustrates the second electrode Cst2 of the
capacitor Cst, the data lines DLm and DLm+1, and the driv-
ing voltage line PL. for convenience of explanation.
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As illustrated in FIG. 7, when the light-emission control
line ELn arranged in the first pixel Pn,m is open-circuited, the
third region 143 of the second electrode Cst2 of the capacitor
Cst adjacent to the light-emission control line ELn is sepa-
rated from the second electrode Cst2, and the separated third
region 143 is coupled to the light-emission control line ELn.

For example, the second bridge 145 coupling the third
region 143 and the first region 141 of the second electrode
Cst2 and the third connecting parts 153 coupled to the third
regions 143 of the pixels Pn,m-1 and Pn,m+1 that are hori-
zontally adjacent to the first pixel Pn,m are cut by irradiating
a laser thereto. Furthermore, a laser is irradiated to the third
protrusion 171 and the fourth protrusion 172 of the second
electrode Cst2 positioned at left and right sides of an open-
circuit region of the light-emission control line ELn so that
the third protrusion 171 and the fourth protrusion 172 are
short-circuited and coupled to the light-emission control line
ELn.

Accordingly, the third region 143 of the second electrode
Cst2 of the capacitor Cst may serve as a path (e.g., an elec-
trical path) through which the light-emission control line EL.n
transfers the light-emission control signal En normally. The
first region 141 may serve as the second electrode Cst2 of the
capacitor Cst and the driving voltage line PL for horizontally
transferring the first power supply voltage ELVDD.

According to an embodiment of the present invention, the
second electrode Cst2 may serve as both an electrode of the
capacitor Cst and the driving voltage line PL, and may also
serve as a repair line of the light-emission control line EL.n
when a defect such as, but not limited to, an open circuit
occurs.

FIG. 8 is a planar view illustrating a thin-film transistor
substrate provided with the pixel of FIG. 1. FIG. 9 is diagram
illustrating the second electrode Cst2 of the capacitor Cst of
FIG. 8. FIG. 9 only illustrates the second electrode Cst2 of the
capacitor Cst, the data lines DL.Lm and DLm+1, and the driv-
ing voltage line PL for convenience of explanation.

The example illustrated in FIG. 8 is different from the
example illustrated in FIG. 2 with respect to the second elec-
trode Cst2 of the capacitor Cst, but the other elements are the
same. Hereinafter descriptions of the same elements as those
of FIG. 2 will be omitted.

Referring to FIGS. 8 and 9, the second electrode Cst2 of the
capacitor Cst is provided with the plurality of regions 141 to
143 which are separate regions having separate areas, the
plurality of bridges 144 and 145 coupling the plurality of
regions 141 to 143, and the plurality of protrusions 161, 162,
171, and 172 overlapping the first scan line SLn and the
light-emission control line ELn.

The plurality of regions include the first region 141
arranged at the center, the second region 142 adjacent to the
first scan line SLn, and the third region 143 adjacent to the
light-emission control line ELn. The plurality of bridges
include the first bridge 144 coupling the first region 141 and
the second region 142 and the second bridge 145 coupling the
first region 141 and the third region 143. The plurality of
protrusions include the first and second protrusions 161 and
162 overlapping the first scan line SLn and the third and
fourth protrusions 171 and 171 overlapping the light-emis-
sion control line ELn.

The first regions 141 of adjacent pixels are coupled to each
other by the first connecting part 151. The second regions 142
of'the adjacent pixels are coupled to each other by the second
connecting part 152. The third regions 143 of the adjacent
pixels are coupled to each other by the third connecting part
153.
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The second capacitor Cst2 of the capacitor Cst may be
coupled to the driving voltage line PL extended vertically by
the contacthole 47. For example, the first connecting part 151
of the second electrode Cst2 of the capacitor Cst may be
coupled to the driving voltage line PL. through the contact
hole 47. Accordingly, the driving voltage line PL. may have a
mesh structure vertically and horizontally interconnected
using the second electrode Cst2 of the capacitor Cst. The
second electrode Cst2 of the capacitor Cst may be used to
repair short circuits of the first scan line SLn and/or the
light-emission control line ELn.

FIG. 10 is a schematic diagram illustrating a method of
repairing an open-circuited scan line on the thin-film transis-
tor substrate of FIG. 8. FIG. 11 is a cross-sectional view of the
thin-film transistor substrate taken along the line A-A' of FI1G.
10.

FIG. 10 only illustrates the second electrode Cst2 of the
capacitor Cst for convenience of explanation, and FIG. 11
illustrates a cross section of the thin-film transistor substrate
taken along the line A-A' of FIG. 10.

Referring to FIGS. 10 and 11, a bufter layer 101 is formed
on a thin-film transistor substrate 100 (hereinafter referred to
as a substrate). The substrate 100 may be formed of transpar-
ent glass mainly composed of SiO,. The substrate 100 is not
necessarily limited thereto, and may be formed of another
material such as, but not limited to, transparent plastic or
metal. Optionally, the buffer layer 101 may not be included.

The active layer 112 is formed on the buffer layer 101. The
active layer 112 may include a semiconductor and may be
formed of an oxide semiconductor. The active layer 112 is
formed by depositing a semiconductor layer on the substrate
100 and by patterning and crystallizing the semiconductor
layer according to an active layer pattern. Here, the semicon-
ductor layer may be crystallized after being patterned, or may
be patterned after being crystallized. The semiconductor
layer may be crystallized using various methods such as, but
not limited to, a rapid thermal annealing (RTA) method, a
solid phase crystallization (SPC) method, an excimer laser
annealing (ELA) method, a metal induced crystallization
(MIC) method, a metal induced lateral crystallization
(MILC) method, a sequential lateral solidification (SLS)
method, and an advanced sequential lateral solidification
(ASLS) method. A thin-film transistor is formed along the
active layer 112.

A first insulating layer 102 is formed on the substrate 100
on which the active layer 112 is formed. The first insulating
layer 102 may be formed of an organic insulating material or
an inorganic insulating material or may have a multilayer
structure in which the organic insulating material and the
inorganic insulating material are alternated.

A first gate wiring including the gate electrode G1 of the
driving thin-film transistor T1, the first electrode Cstl of the
capacitor Cst, and the first scan line SLn is formed on the first
insulating layer 102. Although not illustrated, the gate elec-
trodes G2 to G7 of the thin-film transistors T2 to T7, the
second scan line SLn-1, the light-emission control line ELn,
and the bypass control line BPL may be further included in
the first gate wiring.

The first gate wiring may have a single-layer or multilayer
structure including a metal material such as, but not limited
to, platinum (Pt), palladium (Pd), silver (Ag), magnesium
(Mg), gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir),
chrome (Cr), lithium (L), calcium (Ca), molybdenum (Mo),
titanium (Ti), tungsten (W), aluminum (Al), copper (Cu), or
an alloy thereof.

The active layer 112 on the substrate 100 on which the first
gate wiring is formed is doped with impurities so as to form a
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channel region not doped with the impurities and a source
region and a drain region arranged at both sides of the channel
region and doped with the impurities, in each active layer of
the thin-film transistors T1 to T7. The source region and the
drain region respectively correspond to a source electrode and
a drain electrode. Here, the impurities may be changed
according to the types of the thin-film transistors, and may be
N-type impurities or P-type impurities. The doping may be
performed after forming a second insulating layer 103.

FIG. 11 illustrates a part of the active layer 112 of the
driving thin-film transistor T1.

The second insulating layer 103 is formed on the first gate
wiring. The second insulating layer 103 may also serve as a
dielectric of the capacitor Cst. The second insulating layer
103 may be formed of an organic insulating material or an
inorganic insulating material or may have a multilayer struc-
ture in which the organic insulating material and the inorganic
insulating material are alternated.

A second gate wiring including the second electrode Cst2
of the capacitor Cst is formed on the second insulating layer
103. The second gate wiring further includes the initializing
voltage line VL. The second gate wiring may have a single-
layer or multilayer structure including a metal material such
as, but not limited to, platinum (Pt), palladium (Pd), silver
(Ag), magnesium (Mg), gold (Au), nickel (Ni), neodymium
(Nd), iridium (Ir), chrome (Cr), lithium (Li), calcium (Ca),
molybdenum (Mo), titanium (Ti), tungsten (W), aluminum
(Al), copper (Cuw), or an alloy thereof.

A third insulating layer 104 is formed on the substrate 100
on which the second gate wiring is formed. The third insulat-
ing layer 104 may be formed of an organic insulating material
or an inorganic insulating material or may have a multilayer
structure in which the organic insulating material and the
inorganic insulating material are alternated.

A data wiring including the data line DLm is formed on the
substrate 100 on which the third insulating layer 104 is
formed. The data wiring further includes the driving voltage
line PL and the first to third connecting members 120, 130,
and 140. The data wiring may have a single-layer or multi-
layer structure including a metal material such as, but not
limited to, platinum (Pt), palladium (Pd), silver (Ag), mag-
nesium (Mg), gold (Au), nickel (Ni), neodymium (Nd), iri-
dium (Ir), chrome (Cr), lithium (Li), calcium (Ca), molybde-
num (Mo), titanium (Ti), tungsten (W), aluminum (Al),
copper (Cu), or an alloy thereof.

A protective layer 105 covering the data wiring is formed
on the third insulating layer 104.

When the first scan line SLn arranged in the first pixel Pn,m
is open-circuited, the second region 142 of the second elec-
trode Cst2 of the capacitor Cst adjacent to the first scan line
SLn is separated from the second electrode Cst2, and the
separated second region 142 is coupled to the first scan line
SLn.

For example, the first bridge 144 coupling the first region
141 and the second region 142 of the second electrode Cst2 of
the capacitor Cst and the second connecting parts 152
coupled to the second regions 142 of the pixels Pn,m-1 and
Pn,m+1 that are horizontally adjacent to the first pixel Pn,m
are cut by irradiating a laser thereto. Furthermore, a laser is
irradiated to the first protrusion 161 and the second protrusion
162 of the second electrode Cst2 positioned at left and right
sides of an open-circuit region of the first scan line SLn so that
the first protrusion 161 and the second protrusion 162 are
short-circuited and coupled to the first scan line SLn.

Accordingly, the second region 142 of the second electrode
Cst2 of the capacitor Cst may serve as a path (e.g., an elec-
trical path) through which the first scan line SLn transfers the
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first scan signal Sn normally. The first region 141 and the third
region 143 may serve as the second electrode Cst2 of the
capacitor Cst and the driving voltage line PL for horizontally
transferring the first power supply voltage ELVDD.

According to an embodiment of the present invention, the
second electrode Cst2 may serve as both an electrode of the
capacitor Cst and the driving voltage line PL, and may also
serve as a repair line of the first scan line SL.n when a defect
such as, but not limited to, an open circuit occurs.

FIG. 12 is a schematic diagram illustrating a method of
repairing an open-circuited light-emission control line on the
thin-film transistor substrate of FIG. 2. FIG. 13 is a cross-
sectional view ofthe thin-film transistor substrate taken along
the line B-B' of FIG. 12.

FIG. 12 only illustrates the second electrode Cst2 of the
capacitor Cst for convenience of explanation, and FIG. 13
illustrates a cross section of the thin-film transistor substrate
taken along the line B-B' of FIG. 12.

Referring to FIG. 12, when the light-emission control line
ELn is open-circuited, the second bridge 145 coupling the
first region 141 and the third region 143 of the second elec-
trode Cst2 of the capacitor Cst and the left and right connect-
ing parts 153 are cut. The third and fourth protrusions 171 and
172 overlapping the light-emission control line ELn are short-
circuited and coupled to the light-emission control line ELn.

Referring to FIGS. 12 and 13 together, when the light-
emission control line ELn arranged in the second pixel
Pn,m+1 is open-circuited, the third region 143 of the second
electrode Cst2 of the capacitor Cst adjacent to the light-
emission control line ELn is separated from the second elec-
trode Cst2, and the separated third region 143 is coupled to the
light-emission control line ELn.

For example, the second bridge 145 coupling the third
region 143 and the first region 141 of the second electrode
Cst2 and the third connecting parts 153 coupled to the third
regions 143 of pixels that are horizontally adjacent to the
second pixel Pn,m~1 are cut by irradiating a laser thereto.
Furthermore, a laser is irradiated to the third protrusion 171
and the fourth protrusion 172 of the second electrode Cst2
positioned at left and right sides of an open-circuit region of
the light-emission control line ELn so that the third protrusion
171 and the fourth protrusion 172 are short-circuited and
coupled to the light-emission control line ELn.

According to an embodiment of the present invention, the
second electrode Cst2 may serve as both an electrode of the
capacitor Cst and the driving voltage line PL, and may also
serve as a repair line of the light-emission control line EL.n
when a defect such as, but not limited to, an open circuit
occurs.

Although not illustrated, the via hole VIA is formed at the
protective layer 105. The anode (pixel electrode) of the
OLED is formed on the protective layer 105, covering the via
hole VIA.

A pixel defining layer is formed on an edge of the pixel
electrode and the protective layer 105, wherein the pixel
defining layer has a pixel opening that exposes the pixel
electrode. The pixel defining layer may be formed of an
organic material such as, but not limited to, a polyacrylic resin
and polyimide or a silica-based inorganic material. An
organic light-emitting layer is formed on the pixel electrode
exposed by the pixel opening, and a cathode electrode (com-
mon electrode) is formed on the organic light-emitting layer
on a front side of the substrate 100. In this manner, the OLED
including the pixel electrode, the organic light-emitting layer,
and the common electrode is formed. Here, according to a
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method of driving the organic light-emitting display appara-
tus, the pixel electrode may be the cathode and the common
electrode may be the anode.

Although FIGS. 10 and 11 and FIGS. 12 and 13 respec-
tively illustrate the methods of repairing open circuits of the
first scan line SLn and the light-emission control line ELn,
embodiments of the present invention are not limited thereto.
For example, when both the first scan line SL.n and the light-
emission control line ELn are open-circuited in one pixel,
only the first region 141 may serve as the second electrode
Cst2 and the driving voltage line PL, and the second region
142 and the third region 143 may be used to repair the first
scan line SLn and the light-emission control line ELn respec-
tively.

Although the above-described organic light-emitting dis-
play apparatus has seven thin-film transistors and one capaci-
tor in a pixel, an embodiment of the present invention is not
limited thereto. Therefore, the display apparatus may have a
plurality of thin-film transistors and one or more capacitors in
one pixel. Furthermore, additional wiring may be formed or
existing wiring may be omitted in the display apparatus.

Embodiments of the present invention are not limited to
using a single pixel to repair an open circuit in a signal line. It
would be understood by one of ordinary skill in the art that
when an open circuit region occurs between two pixels, the
second electrode Cst2 of the capacitor Cst of each pixel can
serve as a path (e.g., an electrical path) through which the
signal line can transfer the signal normally.

As described above, according to the one or more of the
above embodiments of the present invention, a signal line
may be repaired without an additional repair line, and a spa-
tial restriction of a high-resolution display apparatus may be
overcome.

It should be understood that the exemplary embodiments
described therein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of fea-
tures or aspects within each embodiment should typically be
considered as available for other similar features or aspects in
other embodiments.

While one or more embodiments of the present invention
have been described with reference to the figures, it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present invention as
defined by the following claims, and their equivalents.

What is claimed is:

1. A thin-film transistor substrate comprising:

a first signal line;

a second signal line; and

a capacitor comprising a first electrode and a second elec-

trode,

wherein the second electrode comprises a plurality of

divided regions, a plurality of bridges for coupling the
plurality of divided regions to each other, and a plurality
of protrusions each overlapping at least one of the first
signal line or the second signal line, and

wherein each of the plurality of divided regions is coupled

to a corresponding divided region of a horizontally adja-
cent pixel.

2. The thin-film transistor substrate of claim 1, wherein the
divided regions comprise a first region, a second region which
is adjacent to the first signal line and is coupleable to the first
region by a first bridge of the bridges, and a third region which
is adjacent to the second signal line and is coupleable to the
first region by a second bridge of the bridges.

3. The thin-film transistor substrate of claim 2, wherein the
first signal line is open-circuited at an open circuit region of
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the first signal line, the first bridge is cut so that the second
region is separated from the second electrode, and protrusions
of the plurality of protrusions, which overlap the first signal
line, are coupled to the first signal line at a left side and a right
side of the open circuit region.

4. The thin-film transistor substrate of claim 2, wherein the
second signal line is open-circuited at an open circuit region
of'the second signal line, the second bridge is cut so that the
third region is separated from the second electrode, and pro-
trusions of the plurality of protrusions, which overlap the
second signal line, are coupled to the second signal line at a
left side and a right side of the open circuit region.

5. The thin-film transistor substrate of claim 2, wherein the
second electrode comprises a first connecting part adapted to
couple the first region with a corresponding first region of the
horizontally adjacent pixel, a second connecting part adapted
to couple the second region with a corresponding second
region of the horizontally adjacent pixel, and a third connect-
ing part adapted to couple the third region with a correspond-
ing third region of the horizontally adjacent pixel.

6. The thin-film transistor substrate of claim 5, wherein the
first signal line is open-circuited at an open circuit region of
the first signal line, the first bridge and the first connecting
part are cut so that the second region is separated from the
second electrode, and protrusions of the plurality of protru-
sions, which overlap the first signal line, are coupled to the
first signal line at a left side and a right side of the open circuit
region.

7. The thin-film transistor substrate of claim 5, wherein the
second signal line is open-circuited at an open circuit region
of the second signal line, the second bridge and the third
connecting part are cut so that the third region is separated
from the second electrode, and protrusions of the plurality of
protrusions, which overlap the second signal line, are coupled
to the second signal line at a left side and a right side of the
open circuit region.

8. The thin-film transistor substrate of claim 1, wherein the
first signal line and the second signal line and the plurality of
protrusions are insulated by an insulating layer disposed ther-
ebetween.

9. The thin-film transistor substrate of claim 1, wherein the
second electrode is coupled to a driving voltage line.

10. The thin-film transistor substrate of claim 9, wherein
the driving voltage line is shared by two adjacent pixels.

11. The thin-film transistor substrate of claim 1, further
comprising a driving thin-film transistor arranged to be per-
pendicular to the capacitor and comprising the first electrode
as a gate electrode and a bent active layer.

12. The thin-film transistor substrate of claim 1, wherein
the first signal line is a scan line for applying a scan signal.

13. The thin-film transistor substrate of claim 1, wherein
the second signal line is a light-emission control line for
applying a light-emission control signal.

14. A thin-film transistor substrate comprising:

a signal line comprising an open circuit region; and

a capacitor comprising a first electrode and a second elec-

trode,

wherein the second electrode comprises a first region and a

second region which is adjacent to the signal line and is
coupleable to the first region by a first bridge,
wherein the first bridge is cut so that the second region is
separated from the second electrode, and protrusions of
aplurality of protrusions of the second electrode, which
overlap the signal line, are coupled to the signal line at a
left side and a right side of the open circuit region, and

wherein the first region is coupled to a corresponding first
region of a horizontally adjacent pixel.
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15. The thin-film transistor substrate of claim 14, wherein
the signal line is a scan line for applying a scan signal.

16. The thin-film transistor substrate of claim 14, wherein
the signal line is a light-emission control line for applying a
light-emission control signal.

17. The thin-film transistor substrate of claim 14, wherein
the second electrode is coupled to a driving voltage line.

18. The thin-film transistor substrate of claim 17, wherein
the driving voltage line is shared by two adjacent pixels.

19. The thin-film transistor substrate of claim 14, further
comprising a driving thin-film transistor arranged to be per-
pendicular to the capacitor and comprising the first electrode
as a gate electrode and a bent active layer.

20. A method of repairing an open-circuited signal line on
a thin-film transistor substrate with a capacitor comprising a
first electrode and a second electrode with the second elec-
trode comprising a plurality of divided regions each coupled
to a corresponding divided region of a horizontally adjacent
pixel, a plurality of bridges coupling the plurality of divided
regions to each other, and a plurality of protrusions which
overlap signal lines, the method comprising:

separating a first divided region of the divided regions from

the second electrode by cutting a first bridge of the
bridges, the first bridge coupling the first divided region,
which is adjacent to the open-circuited signal line, to
other ones of the divided regions; and

coupling the open-circuited signal line to protrusions of the

plurality of protrusions, which overlap the open-cir-
cuited signal line, at a left side and a right side of an open
circuit region of the open-circuited signal line.
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